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1 (54) Tide: EI^CDIODE FOR FUEL CELL. FUEL CELL mCLUDmC THE ELECmODE AND PROCESS FOR PRODUC^^ 
~ THE SAME 



o 
o 

o 



(57) Abstract: An electrode for fuel cell, such as electrode for solid polymer fuel cell, having three-phase interfaces airanged therein 
n antSctnt fchion so as to exhibit enhanced fuel cell characteristics. In panicular, an electrode f^!'' 

Llectron^onductive material carrying a catalyst and, arranged on the surface, including pores, thereof or,n ,ts vicimty. aproton-con- 
?ucu" substt« characteriz^tlit the pjoton-conductive substance is one obtained by canying -| ^^Pj"!" ^-'^^^ 
of a proton-conductive substance precursor, a proton-conductive monomer or an equ.valent thereof on the surface or in the vicimtj. 

^iii>z ti^mt-ri> - — 
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m B • 

mmmmm muRu^'t^^m v ^ tcmMmm. mxii^'^rih (o^m^m 

(PEFC. Polymer Electrolyte Fuel Cell) {^^ •(Staftf'^s 
m. (DMFC. Direct Methanol Polymer Fuel Cell) ^b^'^^ffl'fb^^^^^"^^^ 

r y- K : H2-^2H++ 2 e - ; 
:?5;y-K: 1 / 2 O 3+ 2 H-'H- 2 e "-^HaO ; 
: H2+ 1 /2 Og-^HaOo 

:i ^ J; o T ^ ^ ^ -t? # 5 t ^ ^ ^ ^ ^ o 

^@^tt^S<^SSfei: fit]|Km^*;^7-#:/:/^-5/:J^^t^Na f i on (^^ 

V^btl-CV^5 ('^X.fi. M.S. Wilson J. Electrochem. Soc. 139(2)(1992) 28-30 
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IPt). #|S2 0 0 2- 1 0 0 3 7 4-§-<:^#§l^(^^^f*. />»j;irp:i^cmi!^^'a 
^h\^. 2^^^0ge^}i, Ji1ES&*]l-*Px.T. Xft±iag6^<^^tfc{;i. ilB^iis}- 
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^CtKX^. ^nWm^—llkmil\H\z. mw-t^t r^iJ^n^tJij) lES^iirS 

< 4 > ±iE< 1 >~< 3 >(Z)v^-rtt;^l^c*5v^T. #?L'l4m^'fe»'&*^^}4^ 

- ^-attS^^e^llfe^t^T' 5 V ^, 

< 6 > ±IB< 1 >~< 5 >ov^-fn;6^cjov^•r. iiffla}*> 1 0 

/.mJJJlT. ^^b<*±l nm-l ;zm. J; 9 U < 1 n m~ 1 0 O n m-Cfe 
<7> ±|E< 1 >~< 6 ><^)V^-f^;6^-*5V^T. :/n > Ws^t^ii^Wfi. « 
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;5 ^ b ^1 iil b 5te V ^ (D AS J: V \ 

< 8 > ±ia< 1 >~< 7 >ov^i='tL;^>4c::fcv^-C. b i^^m^mwi^. ^ 
mno-^*^^^ t it^l^^^^ LT5g^ b-C J: v\ 

<9> ±|a<l>~<8>(DV>-ftb*='t-*3VM:. ^ 
7k.}.>It* (-SO3H). y ^-M. X}i*/v^'^^>'^v£^:i-r6<D;a^J:v\ 
<io> ±|5<l>~<9>©v^-fn;?)-^^*5v^-r. :7°P hWH^ttW^^ 
(-SO3H). yv^S. X}i:^^V'7l^>^>^^S^^'^^^'^ ^^"^^ 

^tt^K y fc s <^ A^ «t V \ 

< 1 l> _blS< 1 >~< 1 0><^v^-ftb*^^^:joV^-C.■:^^ b W5^tt^^g}*s 

< 1 2 > _bia< 1 1 >icm-x. T-n b :y^m-\tmmt. ^ v-fe^tt*" 

y-v-t'fcl). ^4^y^-;6S)^/!Ktt§15^tr^i'. te:^y-^-AS_^i»7X'14fl5^i^irt- 

< 1 3 > ±IE< 1 >~< 1 2 >(Z)V^■r^;?)^<^^^^^«M«^^^i"^^^* 

mo _ 

< 1 5 > _hia< 1 >~< 1 2 >(D\,^-rM^(Dmnmmmmm^^-r^}M.mm. 

< ft i^iiKti e 1^]^ ^ ^"t- § ^ i ^ 

<18> ±|S<1 6>Xfi<l 7>^;l*3V^T. jSt^f*. Pt.Xt^Pt-R 

< 1 9 > JiE< 1 6 >~< 1 8 >(Z)V^-m:^)-^-*3V^-C. #7H4m^^^tt*^ 
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< 2 0 > ±1E< 1 9 >^^*5V^T, :^-yf^'^^4^L^^^^^miUP[i'i. — 

< 2 1 > ±IB< 1 6 >~< 2 0 >OV^-ftI.^^^*3V^•r. ^IBTLfi^ ^(^2p*&@ 
\ 0 jumJiiT. &*U<f41 nin- 1 /xm. i 19 ^? ^ b < t^i 1 n m~ 1 0 0 n 

<2 2> ±fE< 1 6 >~< 2 1 >OV^-fi^^^^C*3V^-r^ T'n h >"^*'t4:^J^° ^ 

-^-f*. m?lllli«#f^f-J;^"C> *tmffiXJ«cD3£#. #lc:*ffl7Li^:&^b?5icmb 
<2 3> ±|E< 1 6 >~<2 2>(^v^-rtL^^t^::fo^v^l:. -f^y^y^m^-^-') 

<2 4> ±|5< 1 6 >~< 2 3 >(DV^•m^^{^:^3V^T^ V^^^W^-^^) 

< 2 5 > ±IB< 1 6 >~< 2 4 >(7:)V^-r^;^)^^^Biis|•«M«tM^^i■S:^^ 

< 2 6 > ±fB< 1 6 >~< 2 4 >(DV^-r^^^=»(^^iis^m?i!l^m^^^i"S®.^ 

< 2 7 > ±IE< 1 6 >~< 2 4 >OV^-f 

<2 8> a) M^:|r#-?H4m^^«tSttJN-t-Si^-t-Sxm. b) ^^Lttm^ 

<2 9> a) M^^#7L14m^^^tt*J5|Sft;ife^-rSXm> ^fcV^T'b) #?L 
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<3o> a) mm^^iii^m,i'mm'[tmMmn-r:5iLm. ^v^-T:•c) #b 
<3 2> b) ^ii-\km^mm\^m^<D. mKDmm^-ttsmmxn^o^^^ 

•<3 5> ±|B< 2 8 >~< 3 4><^^^-f^l'*^^-^>'""^^ t> ) Xg{:i. #?Li4 
< 3 6 > ±ia< 2 8 >~< 3 5 >[C1*3VNT. 3JcSXm{i> ^TLO^ffi^-^tf 
<3 7> ±|B<2 8>~<3 6>^C^o^^T. ^ a h :/'g*tti^K^?F$Bfe-rS 
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<3 8> ±IB<2 8>~<3 7>^c:joV^-C. M^(i*^SM^-efc?) J; 
<3 9> ±|B<2 8>~<3 8>^^:joV^-C. ftfe^lt. Pt. JLiiTt-Rvi 

< 4 0 > ±IS< 2 8 >~< 3 9 >(Z)V^-r;^b;6-^-*5V^-C, #?Ltt«^{S^14*t 

^-iT^iy-r ^^=--y\ ^^-v^-. m>^^. ■Bca'-)Sy:^io-^^i^t^hf^ 

S S^d^ b 5 o J: V ^„ 

<4 2> ±E< 2 8 >~<4 1 >(^V>-ftb;6=>t:i*5VNT. ,W7Lf:i. 
:6SlOMmOT. 0*U<{tlnm~l;im. J: «5 $f ^ b < 1 n m~ 1 0 0 n 

<4 3> ±|5< 2 8 >~<4 2>(^V^-ftl^4:l*3V^■r. 7^ O h 

«M«^{^i^j;oT. m^mii^t-hm\^\^fi\'^ 

3W TL b tti U Tfc V > <D ;6S J; V \ 

<4 4> ±|S<2 8>~<4 3><^V^TtL364^:*3V^-C. 

<4 5> ±|a< 2 8 >~<4 4>^^V^-ftt;?)M-*3V^T. yt^h^^^^tt^^W 
ti, (-SO3H). y^'^S^ 

■ < 4 6 > ±IB< 2 8 >~< 4 5 ><ov^TnA^^::i3V^-c. h i^mU^mW 

r/'g^'lijK y — ^ <^ <t ^° 
<4 7> ±ia< 2 8 >~<4 6 >^7)V^-f^^;b^;I^3V^-C. 



7 



wo 2004/017446 PCT/JP2003/010399 

<4 8> ±|E< 2 8 >~< 4 7 >(^V^-rtL^^c:}oV^T. :fuh^^'&:m^^W 
<4 9 > ±|E< 2 8 >~< 4 8 >(Z)V^-ftt*^<^V^i='tb*>(^:^^fe^^ i ?)#btt 

< 5 0 > ±iE< 2 8 >~< 4 9 >ov^-m/^)M-*3v^-c. m^i^^^Bnmmm 

<5 1> a) M^^#TLi4«^^^5#ttW^l-te1t-t-5X^. b) #?Ltt«^ 

<5 2> a) M^^#7Lfem^=-^^tt*t^mit-r5X@. ^VNT'b) 

<5 3> a) M^^#?Lttffi^fe#ttWt-mi^-rSXm^ ^V^-t:■c) #b 

<5 4> b) ^ll^n^^miim^(0. ^ac^^S^-atP^ffiXfi^O^^^ 

<5 5> b) #?Lttm^'e-*i4*t5|5i-<^. m^<Dmm^^t?^mxi>t't<D^m 
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^^^^ 

<5 8> ±|E< 5 1 >~< 5 7>COV^•ftb^^t-.*5V^-C. b) X^f*. #^1* 
^^^^-|4;^^0^®:|refc«i-S^«Xm^^i-5^^^J^^"o 

< 5 9 > ±I2< 5 8 >l'*5VN-C. 5fe®xm{:i. |ffl7L(D^® ^^tP^®X(i-=e 

<6 o> ±fE<5 1 >~< 5 9>(?:>v^-f.tbd^<^:fe-&t-J^'5#b^^-^^^^*^^ 

<6 1> J:.|E<5 1>~<6 0>cDV^■fn:64;l*3V^-C. S-^^^^^^^N-ffim^ 

tt®£^ v^-f tbd— ^ ^ ^ -e s o 55s j: 

n 3 mmm 2 (^ME A- 1 jo itjtn V h a -/n (DME A- 2 (Dmnmm 



wo 2004/017446 • PCT/JP2003/010399 

nm.(Dl^^ (T a f e 1 7°n b) ^^-rMX^h^o 

^-fkTK^s^a^^^iisi-^ u-cffiv>5ii:^«i^mm. ^t/^'fk7X*M^7}cmt^3fc 

0, 0 0 0 S/ c m'efc?)<^:d5 J;V\ 
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t^KS^tL?iV>&S^ 'eBJ;t{il 0 MmiJiT> ^*U<f±l nm~l Mm. <t •J $f ^ • 

TL^s^^tp) aa^ttciEfi^n^. ^/vTjsi^^s (-SO3H). y>'ms> xf* 

zfuYi^mm'&.mw^mwtx.x. :^;\^T!r^y'm.m (-SO3H). y>'ms. x 
T^jv^^-^mm (-SO3H). y>'M^ xa^y^^^^'^'^^^'^'t^^^'^'^^ 
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:fx2 Vi^^m^^'^y^-t LT. T:i^ (s AS), 

i?y/v^yV7jx:/i^-t-hy (SMS). p^^l/>';^/V7i^V^-^MJ (s s 

s). T^y/v^ (AA) 7^it':Ty/wT^x. Ty7^;^/^^>'^^ Ty^v7^^x7}^ 

::i/v£*5J:t>*x/ujJ^:/^, 7^^;5^7j^vm/.^^^cD?^mS^ :«;/v#>ix/i-S7^eif(Dll^ 
im. 2m. sm. 4^T5:/<75j;p?feB«S> ii^S^^-rs^/^-is 

IB^y-7-ola(D^^v^T73^^7j<y-v-^?^^^LT^5<^;<> 2SJ^A±fflv^-C3 



wo 2004/017446 PCT/JP2003/010399 

iai(D(b)fi.Ilil«^(a) <75-W^^6dS^7;^^— (bb-C-^>C^^7 ((b) 



wo 2004/017446 PCT/JP2003/010399 

mi(D (c) Ji, mi(D (b) (D^-^.y^y-y^i(o^^^'^7^m^xm 

m^. Wh) -1) xm^^v^?>;l^^5-e%2,o ip^> -1) #7Ltt®^ 

3jc^P^(^:^jfefi. ^(DlotL-C (a-*b^c). a) 
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^npjo^fef^. (c^b-^a) i:UT. c) ^^^m^^m^um^ 

^i^'-se^ob) xs^c^3v^T. b) -1) xm^ffiv^^r^^^-e 
-&5«1Ilc^tt5c75d5J:V^ ±ISb) Xg^b) -1) Jiuxn^m^. ^ 



wo 2004/017446 PCT/JP2003/0 10399 

^SxmT'fc6 7«^ct-/^St:*Ai-5Xm#x (-CH2O 

H) ^m^fj:^ti hym^&'^nwimi^t^m^-^^^ti^iX^ . -SO3HS 

(ATBS. CH2 = CH-CO-NH-C (CH3) -CH^-SOgH) ^fflV^ 

t -^^yi^p^yVTjK^gj (PATBS) ^ff^j^fei-?)^ i:;aST'# 5o 

:^mm^mMm\^m-5^. ^ibKm\^<mm^^f}K :^^mii^MMmi^m^ 

(Mi^m 1 ) 

2 0wt%P tSi^J^Z-^^'l/Ti/i^ (XC-7 2 (E-TEK%t$^)) tr^l^t- 

±152 0 w t%P tm3t;i;-*'^^'7:y^f-> U;T<75:^7^ 5/:?' (1) t;iJ;«9 7« 
5^ cz — yi'S ^ ^ A b fco 
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Q O OH 



CB 



CH,-OH) (Dmx^ff^f^o PtUn:^-^^y^-:fyy^^ 7r.;vAT7Vxi:: K 
{i. iiV^^^&^&. (4. 4 6mmo l/g) ^^i-^).. 



H CH2=CH H 

+ ce"^ ^ f \ 6h+ Ce«' + H* *^ 11°" ^ 

.u.^H (2) 




;H20H 



Or 




H i H 

i^CH2CH)n 



CB 



CB 




mmi,ai. Tsubokawa b (N. Tsubokawa et al., J. MacromoLSci.-Chem.A, 
25(9)(1988)1159-1171) 0^^l^tt&V>. Ce (IV) #^Tt?(^ I- ^ 

A-lRtJ^O. 5xnol/L AT B S ^ y-^-7K^^^*n;t^ ^ ^ 0 • 2m 
o 1/L Ce^^^^^^;!)n;t. »#L;fc:5*^b3 0rT'fi-^^^f^o S^S^. *S 

^^^tcvATBsm^i>tm.n^-^^i^^=7y^B-i^m^o ^^^^ pat 
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yum^mRn'FT-iRm\^(D^^^i)-b. patb s^^p tfe^^;*;-^'^'^ 

tf^^m&S^ Pt, 46.1% on KetjenBlack EC, Lot No. 102-0291. UT . 
rTEClOBSOEj irlS-T) ^^VNfCc ^KD TEC10E50E mmmi tW^nm. 
(Dljmz.^^. ^^n-yi.S^«AL. ^ ^ a -yl-S^A TEC10E50E (A- 2) 

^^p_^V^^;;^TEClOE50E A- 2 {C^®7K^^;i3P U'Cti^ ^bl-P 
TFEi^WW (Polytetrafluoroethylene 60 wt% dispersion in water. Aldrich 

«^iBiii?^F - 1 (^^i^^w^E - AT B s ^ y -^-m-m^mA ^ 
om-fe y ( I V) ^^i-^m^mitMmm^mA\^. mmm i(D:^y^y^i2) 

*UT. ;&y- KG- 1 ^#fCo 

• ;t7y-KG-l^liSiJt-. Ty-KH-l*5it;«^®BlI-l^ML.^- 
f i onl 1 2^1N^|m*5J:tJ?^W7J<:T•^fe#Lfc:^><^^^v^fco 

ttiSSMi - 1 ^^^'^ ^'G- i*3J:i/Ty-KH- i-e^^^s laCC. 2 

MP a 1 ^myt^y Y^V:^ Irff V^. ME A- 1 (ME A : membrane electrode 
assembly) ^#feo 
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Yxn—ZUKDUEA- 2i-i. ^ife^ll 2 COME A- 1 t :^ ^ — ^^^A^MtSi^U 

F-lt mmomm^^ir:^ F - 2 ^fflv^fcc 

^jfe«^!|2©MEA- li3j;tJf3>' hn-.'l^l <^MEA - 2^CloV^T. S 1 fil^ 



mi. ^WJ2a)MEA- 1 fcc):U^=l hP-;H CDMEA-2 











P t Mm: 
(mg/cm^) 




P t MM. 
(mg/cm^) 




MEA-1 


Nafionl12 


0. 3 6 




0. 1 9 


fey* 


MEA-2 


Nafion112 


0. 4 8 




1 O. 1 9 





po I y-ATBS 0-^*^:7 

MEA-l:33J;t/MEA-2^ffiv^■r. W4m?tb.^«w. (;sm?5ts^^^^) 

P E M F C -fe/V (ElectroChem tt^) tCM E A - 1 X {iM E A - 2 U . 

<D'^. ipmNa^if^^i^bTy- KfiHa:^'^ ( 1 0 0 m L . :i7y-K{t02 

(1 0 0 OmA/cm^) ^-fe/VfJlgS b^^^> I - VSO^^M^^ Ufdo I 
-vaij^t^. 0-10 0 OmA/cm^O^a^^S 0 [mA/cm''] / 3 0 s e 

|il3lC*3VN-C,0}4MEA- 1 -t?fe'9.«}iMEA- 2T'foSoMEA- 1 (O) 
^t^6<J^0^e^mfelE^^b-CV^5„ ^fc. MEA-1 (O) tMEA-2 
(•) tSrlt^-rst> bfi-^liiii^^AUfcPo 1 y-ATBS:65j9i^ 
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{mmm 3 ) 

mmmztmm^vx. ;;{5^ci-7v£^atecioe5oe (a- 2) ^m^o 

V^. PATBS'^-^P tUWi^'-^-^^^y^y^'B-2^mc. 

Na f i o (Nafion perfluorinated ion-exchage resin, 5 wL% 

solution, contains 15-20% water) ^iBx.-r|^ 3 0 ^^M^ bfec ^ bt-. PT 
F E:9-fc?S (Polytetrafluoroethylene 60 wt% dispersion in water> Aldrichi± 

Sr^i-5%<^^«#L'-C, ^WJ2i:PI#l-> MEA-3^#fco 
( 3 V h P — /'V 2 ) 

_,^|.p_^l,2(^MEA.-4^{tMLfCo ri:/hn>-7^2(^MEA-4tt. P 
tfii;6^^^.e5iii^. h a— /VI OMEA- 2 PiUcT^Wig^^ UfCo 
^M^J3<7)MEA-3*5J;tJ^=i/ ^'='-^^2(DMEA-4^CO^^T. m2\^-^ 



20 - 
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* V— K 


P t ££ 

(mg/cm^) 




P t Ml: 
(mg/om^) • 




MEA-3 • 


Nafion1l2 


0 . '4 1 




■ 0. 4 3 


tj * • 


MEA-4 


Nafion112 


0 . 4 0 




0. 4 3 


75: L 



I -ViJj^fi^ 1 0 0 0 mA/ c in^<7)fl;?5fS^ 1 0.:5>F^^5^l^^-^^ 0 
mA/c m = cD-^i|£^l 0 [mA/cm^] / 1 0 s e c "C;^ ^ 

fi. J!JJIT<?5^ (1) (DX0\^^<^th^X'^^o 

77=blogioio-blogioi ^(D.o 
[l4iCjoVNT. ♦{tMEA--3T-feD. ©(^ME A- 4 -CfeSo 7 



-.10 0 
Tafel ^ 



3. M E A- 3S.U^ME A- 4(»Tafel ^/<-7^— -^^ 





1 o g 1 0 ' 0 


- b 


(V/dec) 


i 0 (A/cm^) 


MEA-4 


- 5 . 8 2 


0 


. 0 7 9 


1 . 5 E- 0 6 


MEA-3 


- 5. 0 2 


0 


. 0 9 2 


9 . 5 E- 0 6 



(HtS^ffi) <^:fc:#^i;iHsMi-5o I14StJ«^ 3 {::*3^/^-c. MEA-3 
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(♦) <tMEA-4 (•) t<D^^mmmmi 0 (y^>T-) ^i^^-t^t. ME 
A- 3 (♦) i!)^±-^^h^^tt^i^f)^^o ^tlf)^h. MEA-3 (♦) i^^v^ 

Mi^P t :as;^Sf)f|J^$l^-cv^2) r fc35s^i^$tt5o MEA-4 (•) fi. 
(^ifeM4) 

^P^fCLT, ;^9^n-/v£^A;^7-'l^'>7*7 5/i5' TEC10E50E (A 

-2) ^#fCo r(^7«5^n-7l-S#A;&-#'>':7>-7^'^ TEC10B50E (A- 2) 
^.xJ-N/i^AT/i-T^'t: KTK^Mt/ffiW-:^ h y ^7 A t ^^ii^^&^icAtL. 1 1 0°C 




ME A- 4 i f9 ^j|^±Ufc't4ti^*"bfCo 
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m ^ (o m m 



1. m^t:un\^tc^ii^n.^^m&.u^(D. ^fB?L©*®tr-g-tf«®xfi^<^ 



8. tffis^n hi/'Cs^lii^M^. ^t)K<^-iS^5^®^'fb^rT$'^^i?M--c^^t'a- 

9. BiflByn h>"e^tt^®{^> ;^yvd^>'i?S (-SO3H). y ^-^S^ Xfi 
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